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Breast lymphoscintigraphy using 99m Tc-sulfur colloid ( 99m Tc-SC) is well established in clinical practice for staging patients with breast carcinoma. Nearly all patients report having pain during the procedure. However, techniques used to minimize pain during breast lymphoscintigraphy are highly variable across institutions. Our study was to determine whether anesthetizing the skin with sodium bicarbonatehether-buffered lidocaine before performing breast lymphoscintigraphy reduced the pain experienced by the patients. The second objective of this study was to evaluate whether anesthetizing the skin with buffered lidocaine changed visualization of lymph nodes. Methods: This prospective, patient-masked and randomized study involved performing breast lymphoscintigraphy in a control group and experimental group of female breast cancer patients. The control group did not receive skin anesthetic before 99m Tc-SC injections, whereas the experimental group first underwent skin anesthesia with an injection of 2% sodium bicarbonate-buffered lidocaine. All patients were asked to rate their pain levels, using the National Institutes of Health pain scale, before the procedure and immediately after the injections. The change in pain from baseline was compared between the 2 groups. After the injections, scintigraphic imaging of the axilla was performed, and the number of axillary lymph nodes visualized was recorded. Results: No significant difference was found in preprocedural baseline pain from the control group, compared with the experimental group. There was a statistically significant difference in the increase in pain experienced during the procedure between the control group and the experimental group (P 5 0.009). There was no significant difference in the detection of lymph nodes between the control and experimental groups (P 5 0.56). Conclusion: The results from our study indicate that injecting subcutaneous buffered lidocaine before intradermal injection of 99m Tc-SC for breast lymphoscintigraphy significantly decreases patient pain without interfering with lymph node visualization.
Breast lymphoscintigraphy using 99m Tc-sulfur colloid ( 99m Tc-SC) is well established in clinical practice for staging patients with breast carcinoma. Intraoperative localization of the sentinel node using a g probe allows staging of the axilla while avoiding a full axillary dissection and its associated morbidity.
For any procedure, an inherent goal is to minimize discomfort while maximizing diagnostic yield. However, techniques used to minimize pain during breast lymphoscintigraphy are highly variable across institutions. The first objective of our study was to determine whether anesthetizing the skin with an injection of sodium bicarbonate-buffered lidocaine before performing breast lymphoscintigraphy reduced the amount of pain experienced by the patients. The second objective of this study was to evaluate whether the injection of sodium bicarbonate-buffered lidocaine decreased visualization of lymph nodes.
MATERIALS AND METHODS

Patient Selection
This prospective, patient-masked and randomized study was compliant with the Health Insurance Portability and Accountability Act. The institutional review board (IRB or equivalent) approved this study, and all subjects signed a written informed consent form. The eligibility requirements included patients 18 y or older with a biopsy-proven breast cancer scheduled for sentinel lymph node biopsy and no known allergy to lidocaine. Over a 5-mo period between November 9, 2009, and April 10, 2010, 49 women who met the eligibility requirements and who agreed to participate in the study were randomized to either the control group (breast lymphoscintigraphy without lidocaine) or the experimental group (breast lymphoscintigraphy preceded by lidocaine injection). All injections were performed by 1 of 3 board-certified radiology attendings, all with fellowship training in nuclear medicine and more than 10 y of experience performing breast lymphoscintigraphy.
Buffered Lidocaine Preparation
Immediately before injection, the radiologist performing the injection withdrew 1 mL of sodium bicarbonate into a 5-mL syringe capable of holding a total volume of 6 mL. The remainder of the syringe was filled with 2% lidocaine.
Injection Technique
Breast lymphoscintigraphy was performed following our routine departmental protocol for the control group; because no placebo was used, this constitutes treatment as usual. Patients were not told whether they would receive the buffered lidocaine. Patients were asked to turn their head and not watch the injections being performed. The dose of 99m Tc-SC was separated into two 3-mL syringes. The skin in the peritumoral or periareolar breast was cleansed with alcohol wipes. Two intradermal injections were then administered in the general region of the known breast neoplasm or in the periareolar location (at the 3 and 9 o'clock positions), depending on the preferences of the referring breast surgeon.
In the experimental group, patients were also asked to turn their head and not watch the injections being performed. After the skin was cleansed with alcohol wipes, the 6 mL of buffered lidocaine was administered subcutaneously (via 1 needle stick for peritumoral injections and 2 needle sticks for periareolar injections) before 99m Tc-SC injections were performed, using the same routine departmental protocol.
Data Collection Technique
All patients were asked to rate their pain levels before the procedure and immediately after the injections had been completed using the National Institutes of Health (NIH) pain scale (1). The NIH pain scale is graded from 0 to 10, as shown in Table 1 . These values were recorded by a research assistant who was present throughout the procedure. Blood pressure and heart rates were recorded at the beginning of the patient encounter and after the injection. Averages of blood pressures and heart rates were calculated. A summary of the control group and experimental group characteristics is provided in Table 2 .
Imaging Parameters and Technique
Approximately 30 min after breast lymphoscintigraphy, imaging was performed according to routine departmental breast imaging procedure. Anterior, lateral, and oblique spot planar images were obtained using a Philips Forte and Philips Skylight g camera.
Statistical Methods
Data were modeled before and after treatment by treatment group using SAS/GLIMMIX Statistical Software 9.3 (SAS Institute). Baseline differences were tested using SAS/NPAR1WAY and SAS/TTEST. Difference in lymph node visualization between conditions was tested using the Pearson x 2 test with SAS/FREQ. Statistical significance was defined, a priori, at the 0.05 level. In addition, follow-up multiple comparisons were tested using orthogonal linear contrasts with the Bonferroni method to adjust individual P values.
RESULTS
For those in the control condition, average, median, and range of age were 59, 55.5, and 44-83 y, respectively; for those in the experimental lidocaine condition, average, median, and range of age were 63.8, 65, and 34-87 y, respectively. No difference in age was found between conditions (P 5 0.16). No significant difference was found in preprocedural pain from the peritumoral-injection control group, compared with the lidocaine group at baseline (P 5 0.59). In addition, no differences between the 2 conditions were detected at baseline for heart rate (P 5 0.62) and systolic (P 5 0.26) and diastolic (P 5 0.43) blood pressure. Average, median, and range of tumor diameters were 2.1, 1.5, and 0.4-12 cm, respectively, for those in the control group versus 1.53, 1.5, and 0.4-4.0 cm, respectively, for the lidocaine group, though this difference was not significant (P 5 0.67).
The pre-and posttreatment pain by treatment condition was analyzed using a generalized mixed model with sandwich estimation. A binomial link function was used because estimated confidence intervals fell outside of possible bounds (i.e., went below 0) when an identity link was used. A significant interaction effect with pre-/posttreatment and treatment condition was found (P 5 0.009). Specifically, though both groups reported an increase in pain after the procedure relative to baseline, the lidocaine condition reported significantly less of an increase in pain, compared with the control group ( Fig. 1 ; Table 3 ).
Sentinel Lymph Node Detection
Of the control group, 19 of 24 (79%) had 1 or more axillary lymph nodes visualized, compared with 18 of 25 (72%) for the experimental group. Five of 24 (21%) of the control group patients and 7 of 25 (28%) of the experimental group patients had no lymph node uptake visualized scintigraphically in the axilla at the time of imaging. There was no significant difference in the detection of lymph nodes between the control and experimental groups (P 5 0.56) (Figs. 2 and 3) . The mean imaging time after SC injection was 34 min (range, 6-62 min). Of the 5 patients in the control group with no visualized nodes, the average time to imaging was 32 min (range, 28-44 min). Of the 7 patients in the experimental group with no visualized nodes, the average time to imaging was 39 min (range, 30-57 min). Times between injection and imaging were dependent on the patient's scheduled operating room time, patient arrival time, and daily variations with patient throughput in the nuclear medicine department (Table 4) .
DISCUSSION
It is believed that the pain associated with intradermal SC injection is related to the acidity of the solution and to the focal distention of potential spaces between layers of skin and subcutaneous tissues. Breast lymphoscintigraphy has traditionally been performed without local anesthesia, likely because of the rational assumption that any benefit gained from local anesthesia would be outweighed by the increase in pain associated with additional needle sticks. Several techniques have been used to minimize discomfort during lymphoscintigraphy, which have been described previously in the literature. These techniques include performing the minimal number of injections with the minimal volume of SC, applying topical anesthetic, buffering SC with sodium bicarbonate, and adding both sodium bicarbonate and lidocaine to the SC before injection. The technique used during this study was a variation of these techniques, and review of the current literature revealed no existing study examining the utility of giving local anesthesia before, and separate from, the SC injection. Fetzer et al. found that the technique of applying a eutectic mixture of local anesthetics to the skin of the breast 1 h before injection reduced pain (2). Conversely, Chandler et al. found that there was no significant correlation between reported pain, the use of topical anesthetic cream, the timing of the cream application, the age of the patient, or the breast density (3). O'Connor et al. similarly concluded that applying topical anesthetic to the breast did not lead to a statistically significant reduction in pain scores (4) . Although there is some discordance regarding the effectiveness of topical anesthetic between these studies, the application of topical cream universally increased the time required to perform the lymphoscintigraphy procedure by between 20 min and 1 h. In our experience, patients are typically scheduled for elective breast surgery early in the morning. Any change to our protocol that would increase the length of time that a surgeon would need to wait for a patient would not be considered acceptable. Additionally, it would place an extra burden on the patient to apply the cream correctly before arrival or to arrive early to have the cream applied by medical staff.
In regards to buffering the SC before injection, Stokes et al. and Stojadinovic et al. separately concluded that mixing lidocaine or lidocaine with sodium bicarbonate with the SC reduced pain when compared with placebo and topical anesthetic, without significantly altering the detection of sentinel lymph nodes (5, 6) . However, altering the SC solution before injection has the potential to change the SC particle size, pH, and possibly the particle aggregation and kinetics through the lymphatics. These effects were studied by Loveless et al., who determined it was possible to add lidocaine or bicarbonate without significantly altering the kinetics, but the mixture works best when a sodium bicarbonate strength of 8.4% was used to obtain a pH of 7.1 (7) . The stability of a mixture of SC and lidocaine was questioned and studied by Dura et al. who determined that appropriately mixed solutions could be stable for up to 8 h when stored in the injection syringe (8) .
Because mixing lidocaine or sodium bicarbonate with SC decreases patient pain on injection, it seems reasonable to premix the SC before injection. However, many institutions, including our own, are purchasing sealed single doses of radiopharmaceuticals from regional radiopharmacies and do not have the authority or compounding licenses to alter the sealed doses before administration. This approach of buffering the SC is, therefore, often not an option. For institutions that continue to make their own radiopharmaceuticals, verifying the pH value while meeting the U.S. Pharmacopeial Convention standards or radiochemical purity for each buffered dose of SC seemingly would introduce additional steps into the routine protocol. Using the technique described in this study, we were able to demonstrate a decrease in perceived pain in the experimental group relative to the control group. Given the nearimmediate anesthetic effects of lidocaine, the decrease in pain was accomplished without any significant increase in procedure time. Just as importantly, our technique did not require any alteration of the sealed dose of SC.
Our study also showed that subcutaneous anesthesia with buffered lidocaine before intradermal SC injection did not interfere with lymph node visualization. Although there were patients in the experimental group in whom lymph nodes were not detected, there was no significant difference in detection, compared with the control group. Of the patients with no lymph nodes visualized, the time to imaging was not likely a significant factor, because none of these patients was imaged earlier than 28 min. The etiology for the nonvisualization is uncertain but is likely related to variations in lymphatic drainage and subtle variations in injection techniques.
Before our study, McMasters et al. had shown that intradermal injection of SC improved sentinel lymph node detection and decreased the false-negative rate as compared with peritumoral or subdural injections (9) . Additionally, Povoski et al. had shown intradermal injections were superior to intraparenchymal or subareolar injections (10) . The use of buffered lidocaine around the intradermal injection sites of 99m Tc-SC does not appear to interfere with lymph node detection.
The amount of pain that patients feel during breast lymphoscintigraphy is variable, but some patients report significant pain. Radowsky et al. have shown that providers tend to underestimate the level of pain regardless of the technique used (11) . It is incumbent on providers to attempt to reduce the level of pain and discomfort experienced by patients during any medical procedure, including breast lymphoscintigraphy, as long as it does not interfere with the results of the procedure.
CONCLUSION
The results from our study indicate that injecting subcutaneous buffered lidocaine before intradermal injection of 99m Tc-SC for breast lymphoscintigraphy significantly decreases patient pain without interfering with lymph node visualization.
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